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Abstract 
A study was conducted to evaluate the resistance of raw EPDM, natural rubber (NR), isobutylene isoprene rubber (IIR) and 
styrene butadiene rubber (SBR) to amines in terms of mass and chemical changes in an amine-based CO2 capture environment 
made up of aqueous solutions of 3−7 M MEA with 0−0.5 mol CO2/mol MEA. The test for each condition lasted for 30 days at 40 
°C. The results showed that SBR and NR had poor chemical resistance leading to formation of amides on their surfaces and 
resulting in high mass change. In contrast, EPDM and IIR had insignificant mass and chemical structure changes. The 
performance of commercial EPDM and IIR were then further studied and compared against PTFE, using aqueous 5 M MEA and 
with 0.5 mol CO2/mol MEA at 40 and 120 °C each for 30 days. Resistance was measured in terms of mass, hardness, and tensile 
strength changes. The results showed that PTFE was compatible with the solution at both temperatures. For EPDM and IIR at 40 
°C, the changes in mass, hardness, and tensile strength were negligible while at 120 °C, these changes were very significant. The 
implication is that PTFE can be used in any part of the process while EPDM and IIR can only be used in low-temperature 
sections. 
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Nomenclature 
M1 Mass of specimen before immersion 
M2  Mass of specimen after immersion 
ΔM Percentage of mass change 
 
1. Introduction 
 
Global warming, blamed on emissions of carbon dioxide (CO2), the most abundant greenhouse gas (GHG), has 
become one of the main environmental problems in recent times. Accordingly, technologies to CO2 have been 
developed. One of the common technologies is the absorption of CO2 with chemical solvents such as 
monoethanolamine (MEA) solution. In order to be successful in this technology and besides requiring a good design 
to achieve good performance for the process, suitability of the materials used is also a vital factor that needs to be 
considered. Most literature has focused on corrosion characteristics of equipment exposed to the MEA environment 
[1]. However, the characteristics of small components such as seals and gaskets are scant. In CO2 absorption by 
MEA, as in many other processes, elastomer seals are used to prevent leakage of the MEA solution. Various 
elastomer seals are installed in many places including within columns, piping and pumps. Any incompatibility 
between seals and liquid can shorten the seals’ life resulting in leakage and the need for replacement of the seals. 
Even though seals are inexpensive, the replacement cost, time and labour can be extremely costly. Moreover, the 
leaking of seals can contribute to process outages, wasted energy, reduction of plant efficiency, environmental spills 
and personal injury. 
Therefore, the objective of this research is to study the compatibility of seals used in specific applications in 
amine-based CO2 absorption process.  
 
2. Experiments 
 
The initial screening of the elastomers was performed by collecting compatibility tables from elastomer suppliers. 
It was found that the most recommended elastomers for MEA are ethylene propylene diene monomers (EPDM), 
natural rubber (NR), isobutylene isoprene (IIR) and styrene butadiene (SBR). The experiment was then performed in 
two parts: (i) the screening of raw elastomers and (ii) the testing of commercial elastomers. Raw elastomers were 
tested in preliminary experiments because, according to Schweitzer [2], the resistance to chemicals by seals and 
gaskets material depended mainly on the base polymers. Also, as reported by Schweitzer [2], additives or fillers are 
mostly responsible for improving their physical properties. The four selected raw elastomers were first tested at low 
temperature to identify elastomers with good resistance to the MEA solution while the elastomers in their 
commercial state were tested at both low and high temperatures.  
 
2.1 Raw Elastomer Testing 
 
The raw elastomers used in this work were EPDM, SBR, NR, and IIR. They were obtained from MDR 
International Co., Ltd., Bangkok, Thailand. The method of elastomer immersion in MEA solution was adapted from 
ASTM D417-10, the standard test method for rubber property-effect of liquid. Since the raw elastomers received 
from the suppliers were mostly non-uniform, cutting the samples into the exact dimension indicated in the ASTM 
D471 proved to be difficult and unnecessary. Therefore, the samples were first cut approximately into rectangular 
shape of dimension 2x25x50 mm. Then the size of each specimen was adjusted to give a weight of 2 g. Then, the 
elastomers were tested in 3, 5 and 7 M MEA aqueous solutions and 5 M MEA solution with loading of CO2 from 
0.16, 0.25, 0.50 mol CO2/mol MEA which is typical of conditions in CO2 absorption processes. For a preliminary 
test, the four selected raw elastomers were first immersed at the low temperature of 40 °C, which is typical of 
absorber temperatures in CO2 absorption processes. The immersion of the specimens was carried out in test cells 
with dimensions of 12 inches long and 1.5 inches diameter. Each tube contained 100 mL of the desired 
concentration of aqueous MEA solution where 3 specimens of known weight were immersed. The three specimens 
were suspended by a stainless steel wire and each piece was separated from the others by 0.6 mm diameter 
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perforated glass beads as shown in Figure 1. A rubber stopper served as the lid to the test cell and was used to 
suspend the wire so that the specimens were kept steadily immersed in the solution throughout the test. A water bath 
capable of controlling temperature within 0.5 °C was used to control the temperature of the MEA and test specimens 
at 40 °C. After 4 weeks of immersion, both the elastomer samples and the solutions were analysed. The elastomers 
were first rinsed in deionized water and dried at room temperature according to procedures reported in the literature 
[3, 4]. The samples were weighed every 24 hours until constant weight was achieved. The constant weight was 
taken as weight of elastomers after the immersion and the mass change of the elastomers was calculated using 
equation 1. FTIR spectra of each immersed elastomer were recorded at room temperature by using ATR-FTIR 
model Nicolet iS5 with diamond crystal (Thermo Fisher Scientific Inc., Ottawa, Canada) in the wavenumber range 
of 550−4000 cm−1. The resolution and the number of scans were 6 cm−1 and 32, respectively. The solutions 
remaining after immersion were physically observed and analyzed using HPLC. The HPLC used for analysis of the 
liquid samples was equipped with diode array detector (DAD). The mobile phase used was 0.05 M potassium 
hydrogen phosphate prepared from KH2PO4 and adjusted to a pH of 2.6 by adding 85% w/w H3PO4. The amine 
samples were diluted to 1:100 then introduced to the HPLC with an injection volume of 20 μL. 
   Ψοܯ ൌ ሺெమିெభሻெభ ൈ ͳͲͲ    (1) 
 
Fig. 1. Immersion cell diagram (ASTM D 471-10) 
2.2 Commercial Elastomer Testing 
 
Measurement of the tensile strength was performed on each elastomer sample which was prepared in a dumbbell 
shape following the ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers – 
Tension. The shape and dimension of the dumbbell Die C cutting can be found in the ASTM D412. Prior to starting 
the experiments, the weight of each specimen was measured and recorded. 
Commercial elastomers EPDM, IIR and PTFE were tested for their resistance in a solution of 5 M MEA with 0.5 
mol CO2/mol MEA at the temperature of 40 and 120 °C. For the tests at the temperature of 40 °C, which is the 
temperature typically used in the absorber, the immersion was carried out in glass test tubes as mentioned earlier in 
the raw elastomer testing section. The temperature of 120 °C, which is the temperature used in the CO2 stripping 
section of the process, was also used for the tests. For the temperature of 120 °C, the immersion test of the 
commercial elastomers was carried out in a batch autoclave reactor. This served to ensure that the compositions of 
the solutions remained constant during the test. After 30 days of immersion, each specimen was quickly dipped in 
acetone and blotted lightly with filter paper free of foreign material as in ASTM D471. The weights of each 
specimen were measured with a four decimal weight scale. Three pieces of the specimen were sent for testing for the 
physical properties of tensile strength and hardness.  
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3. Results and Discussion 
 
3.1 Raw Elastomer Testing 
 
3.1.1. Mass Change of Raw Elastomers 
 
The percentage mass change of the elastomers after the immersions is shown in Figure 2. It shows that the 
percentage mass change of the elastomers was positive at every MEA concentration, implying that the mass of the 
elastomers increased in every case during immersion. NR had the highest percentage mass change compared to the 
other elastomers. This was followed by SBR, EPDM and IIR in that order.  
The mass change of elastomer is one of the parameters used to indicate the compatibility between elastomers and 
liquids. According to Haseeb et al. [5], the incompatibility of elastomer in liquid aqueous MEA medium can result 
in either a decrease or an increase in mass. These authors have shown that the adsorption or chemical reaction to 
form new compounds on elastomer surfaces causes increased mass, while the dissolution of elastomers contributes 
to a loss in mass. These phenomena can occur simultaneously. Therefore, the measured mass is the net mass of the 
elastomers from these processes. 
 
 
Fig. 2. Effect of MEA concentration (3, 5, 7 M)  
on the percentage mass change of elastomers  
(30 days of immersion, 40°C) 
 
 
 
Fig. 3. Effect of CO2 loading (0.16, 0.25 and 0.5 
molCO2/molMEA in 5 M MEA) on the percentage 
of mass change of elastomers (30 days of 
immersion, 40°C) 
 
The increase in the mass of NR immersed in the MEA solutions was also seen clearly based on physical 
observation, as the NR specimens were swollen after immersion. NR is a homopolymer of cis-1,4-polyisoprene. The 
structure of the polymer has a low level of interlocking between the polymer chains resulting in high permeability of 
gas and liquid [6]. It has also been reported that the double bonds in the isoprene structure leads to chemical 
instability [7, 8]. For these two reasons of high permeability of gas and liquid, and low chemical stability, NR is 
very likely to interact with MEA by physical and chemical adsorption resulting in an increase in mass. SBR was 
another elastomer with a high content of double bonds in its elastomer chain. It is possible that MEA chemically 
reacted with the double bonds in the SBR elastomer chain due to their high chemical reactivity.  
The percentage mass change for EPDM increased with MEA concentration, similar to the results for SBR. 
However, its % mass change was very small. According to Tan et al. [9], as the backbone of EPDM contains mainly 
the monomers of ethylene and propylene which is saturated and highly chemically stable, the chances of EPDM 
reacting with MEA is very low. Therefore, the increase of mass of EPDM was likely due to the remaining MEA in 
the specimens. IIR was the only elastomer in the experiment that had no mass change during immersion. According 
to Dong et al.[10], IIR is a polymer with a high content of isobutylene and a small amount of isoprene (i.e. 
approximately 3%). Also, according to Chandrasekaran [6], the methyl groups present in isobutylene monomer act 
as an interlock in the polymer chain, giving IIR its outstanding low permeability of gas and liquid (MEA), thus 
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making it difficult for MEA to adsorb on the IIR elastomer, thereby reducing the chances of occurrence of any 
reactions.  
Figure 3 reveals the effect of CO2 loading on the percentage mass change of the elastomers. The result shows that 
increasing the CO2 loading leads to a reduction in percentage mass change of NR. In MEA/CO2 solutions, MEA and 
CO2 typically interact to form a complex electrolyte system containing mainly free MEA, carbamate, protonated 
MEA, and a small amount of bicarbonate and carbonate ions. The concentration of these species is a function of the 
CO2 loading [3]. The ion species in the solution contributes to an increase in solvent polarity. According to 
Georgoulis et al. [3], NR as a non polar elastomer is more swollen in non polar solvents than in polar solvent. 
Therefore, the dissolved CO2 that contributed to the higher polarity of the solution decreased the swelling of NR.  
SBR is the only elastomer for which the percentage mass change was found to be negative after immersion in the 
MEA/CO2 solutions. Moreover, the percentage loss of mass became more pronounced with increasing CO2 loading. 
In other words, increased CO2 loading led to a higher loss of SBR mass into the solutions. This might be because 
CO2 acted as an oxidant [11]. According to Williams [12], the oxidation of elastomers contributes to chain 
scissoring and dissolution of the elastomer into the solution. Moreover, the higher CO2 loading of MEA solutions 
increased the degree of oxidation and contributed to more solvation of the SBR. 
For EPDM and IIR, the CO2 loaded into aqueous MEA did not have any significant effect. The percentage mass 
change of EPDM was very low and almost constant with the variation in CO2 loading. Furthermore, the percentage 
mass change for IIR at every CO2 loading in 5 M MEA was close to zero which could be regarded as negligible. 
 
3.1.2 Chemical Changes of Elastomers 
 
From the comparison of FTIR spectra (FTIR spectra shown elsewhere [13]), after the immersion of EPDM and 
IIR in the solution, some small peaks occurred; however, no major difference was found in the FTIR spectra 
between elastomer specimens before and after the immersions. In contrast, several new peaks appeared in the FTIR 
spectra of NR and SBR after their immersion in the CO2-loaded and unloaded MEA solutions. By comparing the 
FTIR spectra of the original raw elastomers and their corresponding spectra after immersion, there are some small 
peaks that appear at 1070 and 1052 cm-1 which usually represent the C-O stretching vibration [14,15]. The small 
peak at 719 cm-1 indicates the N-H wagging vibration, and the sharp peak at 3296 cm-1 represents N-H stretching 
vibration. These two peaks usually appear in secondary amines or amides. The peak at 1641 cm-1 results from the 
amide I band which is the carbonyl stretching vibration. According to Mosadegh-Sedghi et al. [4] and Sedghi et al. 
[3], the peaks at 1551, 1515 cm-1 represent the amide II band which is mainly due to the N-H bending vibration. The 
interference peaks in this area occur due to the intermolecular and intramolecular hydrogen bond N-H. The new 
peaks at 1415 and 1466 cm-1 could be from some carboxylate compounds (COO-), according to Hedzelek et al. [16]. 
This is in agreement with the research of Sedghi et al. [3] who also found an amide group on the LDPE surface 
when these researchers studied the degradation of LDPE in MEA solution. The formation of these amide groups was 
as a result of auto oxidation reaction which contributed to the formation of –COOH groups, followed by reaction of 
–COOH groups and MEA resulting in the formation of secondary amides that was detected on the material surface 
[15]. 
 
3.1.3 Solution Analysis 
 
After the immersion, the changes in all the solutions were first physically observed. It was found that most 
solutions did not have any significant colour change after the immersion. However, in one condition, the immersion 
of SBR in the solutions of MEA with CO2 resulted in the solutions becoming turbid (Figure 4) and the turbidity of 
the solutions increased with increasing CO2 loading. The suspended gel in this solution was separated and analysed 
by NMR. 
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Fig. 4. MEA solutions after the immersion of SBR. Experimental conditions: 30 days of immersion, 40 °C. 
(a) 5 M MEA and 5 M with 0.16, 0.25, and 0.5 mol CO2/mol MEA. 
(b) 5 M MEA with 0.5 mol CO2/mol MEA after the immersion of SBR with suspended gel. 
 
Figure 5 shows the NMR 1H
 
spectrum of the sludge obtained from the solution of 5 M MEA with 0.5 mol 
CO2/mol MEA after the immersions of SBR for 30 days at 25°C. The chemical shift at 3.678 ppm comes from free 
MEA [17]. The small peaks near 7 ppm come from aromatic proton and the chemical shift at 2.4 to 0.8 ppm comes 
from aliphatic proton [18]. From 13C NMR shown in Figure 6, the peaks at 61 and 42 ppm indicate the chemical 
shift of C from CH2OH and CH2NH2 in free MEA [17]. The chemical shift around 29 to 22 ppm is the carbon long 
chain from butadiene including cis, trans and vinyl units [18]. The suspended gel in the solution may be monomers 
of butadiene and styrene based on the results of 1HNMR and 13C NMR. This can be evidenced by the dissolution of 
SBR into MEA/CO2 solutions (5 M MEA and 5 M MEA with 0.16, 0.25 and 0.5 mol CO2/mol MEA). The solvation 
of butadiene and styrene monomers caused the reduction in mass of SBR during immersion as shown in the results 
of mass change, which found that the increase of CO2 concentration increased the solvation of butadiene and styrene 
monomers. To explain the possible interaction during the immersion of SBR in MEA/CO2 solutions (5 M MEA with 
0.16, 0.25 and 0.5 mol CO2/mol MEA), all the results from mass change, FTIR that indicated the formation of amide 
compound, as well as the NMR results of the suspended gel need to be considered. The NMR showed that the 
dissolved CO2 might have caused oxidation at the double bonds in the SBR chain and cause chain scissoring. The 
chain scissoring of the SBR results in the dissolution of butadiene and styrene monomers, obviously seen in the 
form of suspended gel and confirmed by NMR results. The oxidation reaction not only caused chain scissoring, but 
also caused the formation of a carbonyl group on the surface of SBR. This carbonyl group reacted further with MEA 
in the solution to form amide on the surface of the SBR as confirmed by the results from FTIR. 
 
 
 
Fig. 5. 1H MNR spectrum of the sludge from 5 M 
MEA with 0.5 mol CO2/mol MEA after immersion of 
SBR (30 days of immersion, 40°C) 
 
 
 
Fig. 6. 13C MNR spectrum of the sludge from 5 M 
MEA with 0.5 mol CO2/mol MEA after immersion of 
SBR (30 days of immersion, 40°) 
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3.2 Commercial Testing 
As raw EPDM and IIR revealed good chemical resistance to aqueous solutions of MEA and MEA+CO2, it 
became essential to test the commercial EPDM and IIR which would actually be used in real applications. PTFE, 
well known for having excellent resistance to most chemicals, was also included as the benchmark. These 
commercial materials were exposed to MEA solution (5 M with 0.5 mol CO2/mol MEA) at 40 and 120 °C for 30 
days each. The specimens were then analysed for changes in mass, hardness and tensile strength. The results showed 
that PTFE was the most compatible with the solution at both 40 and 120 °C compared to EPDM and IIR as the 
mass, hardness and tensile strength of PTFE remained the same before and after the immersion. For EPDM and IIR, 
the mass slightly increased while hardness and tensile strength slightly decreased after the immersion at 40 °C. At 
120 °C, the mass changes of EPDM and IIR were significantly higher than those of the elastomers before 
immersion. This was attributed to the absorption of liquid into the elastomers which brought about the reduction of 
hardness and tensile strengths of EPDM and IIR. From all the experimental results, it can be concluded that PTFE is 
the most recommended to be used in any part of the CO2 absorption process with amines (e.g. MEA) as it show high 
performance at both low and high temperatures. EPDM and IIR can be used in the absorber as it operates at low 
temperatures. However, in the regenerator column, EPDM and IIR are not recommended.  
 
 
 
Fig. 7. Mass change of commercial EPDM, IIR and 
PTFE after immersion in 5 M with 0.5 mol CO2/mol 
MEA at 40 and 120 °C for 30 days. 
 
 
 
Fig. 8. Hardness of commercial EPDM, IIR, and 
PTFE after immersion in 5 M with 0.5 mol CO2/mol 
MEA at 40 and 120 °C for 30 days. 
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Fig. 9. Tensile strength of commercial EPDM, IIR, and PTFE after immersion  
in 5 M with 0.5 mol CO2/mol MEA at 40 and 120 °C for 30 days.  
 
 
4. Conclusions 
 
Out of the raw EPDM, IIR, SBR, and NR elastomers selected from compatibility tables and studied for their 
chemical resistance to aqueous solutions of MEA and MEA/CO2 at 40 °C, only EPDM and IIR exhibited 
compatibility with the aqueous CO2-loaded and un-loaded amine solutions. From the study of the compatibility of 
commercial EPRM, IIR and PTFE with the MEA solution used in CO2 capture process, PTFE showed excellent 
compatibility. It would be the most recommended material for used in both the absorber and regenerator. For EPDM 
and IIR, these might be used in the absorber as only small changes on their masses and physical properties were 
observed at the absorber temperature. At the regenerator temperature, EPDM and IIR are not recommended in the 
regenerator because their masses increased and their physical properties deteriorated after contact with the solution. 
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